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Project Objective 
 
The overall project objective is to describe age structure and growth of scallops from the Georges Bank and 
Mid-Atlantic regions. There are three component objectives; (1) age structure and growth during the 1977-
1999 period using archived material stored at NEFSC Woods Hole; (2) age structure and growth of scallops 
collected over the latitudinal and bathymetric range of the US commercial fishery in 2012 and 2013 
(material archived at VIMS from RSA studies); and (3) age structure and growth of scallops collected in 
2017 assessment surveys by co-PI Rudders.  
 
Rationale for study.  
 
If the current scallop fishery is well managed with a CASA length structured model, then what is the 
rationale for a focused study of age and growth in the target species? The success of the CASA based 
approach is demonstrated by the development of the scallop fishery over the past two decades to its current 
status as the second most valuable fishery (after lobsters) on the Atlantic coast of the United States. But, 
even the best length based model can be improved by the addition of age data. An age based model 
calibrates a length based model including a description as to whether or not the age-length relationship is 
constant throughout the exploited range of the fishery.  It also improves description of recruitment in species 
where age estimation for small/young individuals is difficult, and description of mortality where age 
estimation of large/old individuals is difficult (both are the current case for sea scallops).  In short, a 
comprehensive knowledge of age and growth provide tools to scallop assessment that are currently limited 
in certain aspects.  
 
Age estimation in scallops present some unusual challenges. Age estimation in bivalve molluscs has 
received considerable attention in the past two decades for ecological studies, fisheries management, and 
because long lived bivalves have proven to be useful tools in studies of long term climate and environmental 
change (Richardson 2001). Bivalve shells contain a complete archive of the life history of the individual 
animal, from recruitment of the larva to the benthos, through a mixture of daily, tidal, spawning, seasonal 
and annual signatures to the growing edge on the post recruit to benthic form. Shells are produced in 
sequential layers by the mantle, with the youngest layer always being on the inside shell surface. The 
youngest layer is exposed at the growing edge, and the junctions between these overlapping layers appear 
as exposed signatures not unlike shingles on the side of a house.  “Reading” this history is typically a matter 
of sectioning the individual valves and examining the periodicity of the recorded signatures (Richardson 
2001). Scallops, unfortunately, produce very little in the way of internal signatures and thus age estimation 
has historically forced focus on the external signatures, and these external signatures can easily be 
compromised. Ageing scallops using external signatures is tedious and time consuming, and this has 
undoubtedly discouraged a large aged based effort to date, but we should not be so discouraged.  
 
There has been an active research interest in growth of sea scallop Placopecten magellanicus over its 
latitudinal and bathymetric range since at least the 1950s. Posgay and Merrill (1979) provide a data 
summary for earlier periods including 1953, 1956 through 1963, and 1965. The recent (post 2000) NEFSC 
scallop assessments have considered annual growth increments as part of the size structured population 
assessments (NEFSC 2010). There have been a number of excellent contributions post 2000 addressing 
latitudinal and bathymetric variation in growth at various locations from Canadian to mid-Atlantic waters, 
including studies focused on food availability and growth related to reproductive activity and energy 
partitioning between growth and gametogenesis (Harris and Stokesbury 2006, Hart and Chute 2009a, 
2009b, Langton et al. 1987, Parsons et al. 1993). What is missing from the continuum is a comprehensive 
record for the ~1980-2000 period. This period is of interest because it encompasses recovery of the U.S. 
resource (in terms of biomass) and fishery (in terms of landings), a period during which fishing pressure 
was continually evolving in terms of both gear design and bag ring size, and effort reduction through crew 
limitations and fishery closures. Did growth change during this period? Given that area closures (= effort 
reduction) are a central tool in scallop fishery management the answer to this question should be of more 
than academic interest. If growth has changed, is it simply a response to reduced fishing activity, or is there 
an environmental signal related to larger scale ecosystem change (be this climate change driven or not), or 
both? Notably, Munroe et al. (2016) identified a reduction in maximum shell length of surf clams (Spisula 
solidissima) of 15 to 20 mm since 1985, a period comparable to that covered by the archive of scallop shells 
targeted by this study when considered as a continuum with the ongoing efforts by Hart and Chute at 
NEFSC. Surf clams occupy a similar latitudinal but shallower bathymetric distribution than scallops 
(Theroux and Wigley 1983, plus a plethora of information from NEFSC assessments), so environmental 
parameters are not identical for the two species; however, the magnitude of the reduction in surf clam size 
is cause for examination of scallop growth since ~1980. Could the surf clam changes be the result of fishing?  
The simulations in Munroe et al. (2016) suggest that localized, intensive fishing could be causative, 
although environmentally driven fluctuations could equally be responsible. In order to address the question 
of variation (or not) of scallop growth since 1979 the current study focused efforts on three sources of 
material as follows: an extensive historical archive at NEFSC, materials in hand from 2012 and 2013 RSA 
supported studies lead by Co-PI Rudders, and collections made by Rudders in a separate RSA funded 
project running in the same period as the current study. These sources are addressed in sequence in the 
following text with each source being a complete record of collection, analytical methods employed and 
results.   
 
Archived material for the period 1977-1999 from NEFSC Woods Hole  
 
Archived material was obtained from the NEFSC warehouse in Pocasset MA. Selected material was 
transported to VIMS for subsequent cleaning and analysis. Two such collections were made.  
 
PI Mann and NEFSC biologist Toni Chute examined the archive at the NEFSC Pocasset warehouse on 
3/21/2016. This archive includes boxes of scallop shells from annual surveys and some industry 
supplements to those surveys. For reference the boxes were in the shelving stacks on the floor beneath 
sections B through D of the shelves in the general archive region of the warehouse, and on the first shelf up 
from the floor. The collections post 2000 were in reasonable condition and the boxes well labelled. The 
pre-2000 collections were generally arrayed on the floor and the boxes varied from adequate to broken with 
large amounts of black fungus on both the box and some of the scallop content. From the pre-2000 material 
we selected boxes from cruises in 1977, 1984, 1987, 1988, 1989, 1992, 1993 and 1994. Table 1 summarizes 
the cruise number and the stations included. The samples of interest were transferred to new archival boxes 
that Mann had transported from VIMS. These new boxes were lined and the bags from the individual 
stations carefully transferred to the new lined boxes. The content of these new boxes was recorded on the 
outside of the filled box prior to transport back to VIMS. A log for activity relating to box contents was 
added to the inner side of the top of the new archive box. The original boxes were discarded. 
 
A few details are appropriate concerning these collections. The scallop shells were still in the original, clear 
plastic bags with station tags (one in the bag, typically one attached externally) as they were labelled and 
archived at sea on the collection cruise. Most bags appeared not to have been opened in the intervening 
period. The content of any one bag varied from a few (2-3) scallop shells to approximately 20 scallop shells. 
Even though the total number of stations represented was high (for example 1977 n = 45 of which 41 were 
labeled; 1984 n = 33; 1987 n = 16; 1988 n = 33; 1989 n = 22 plus one labeled only with strata and tow 
number but not station; 1992 n = 7 plus miscellaneous unlabeled shells; 1993 n =16; and 1994 n = 19), the 
total number of scallop shells in many instances was modest. The bags were in poor condition and the 
content varied from simply dusty to, in some instances, covered in black mold. The selected material was 
driven to VIMS overnight (3/31-4/1/2016) by Mann.  
 
The specimen inventory obtained from NEFSC archives on 3/21/2016 lacked complete coverage of all the 
desired years for the project. Thus, when Mann was visiting NEFSC in December 2016 the opportunity was 
taken for Chute and Mann to again search the Pocasset warehouse for representative stations of the missing 
years. Spread throughout the warehouse were additional boxes of shells, in much the same condition as 
those collected on 3/21/2016 – that is untouched since original collection, generally well labeled but in bags 
and boxes that were degrading. From these additional scallops were selected for further examination; they 
were re-boxed and relabeled at NEFSC before transport to VIMS (12/23/2016) to be included in the ongoing 
data collection. A complete listing of all material examined is given in Table 1. 
 
An important point to note here is that the cruise numbers in the station bags by year did not always match 
that in the database provided by NEFSC. Given that the majority of this material appears to have never 
been examined since collection this disparity in records requires attention. We suspect this can be resolved 
as a simple step requiring only checks of cruise dates and logs for the 1982-1999 period.  
 
As the material was examined at VIMS the shells were sequentially washed in a dilute bleach solution, air 
dried, and counted prior to any examination and selection of shells for measurement. The original labels 
were retained with the shells, and additional new labels added as the collections were re-bagged. There 
remains a large variety of sizes in many bags. Given that growth analysis focuses on larger shells (more 
information per shell, discussed later in this text) then many of the shells in the collection were not examined 
in detail.  
 
A summary of station location for the years 1977 through present was provided by NEFSC collaborating 
investigator Hart, and archived and plotted in GIS at VIMS for reference purposes.  
 
A modest proportion of the valves had been marked by a prior NMFS investigator in an attempt to identify 
annual growth signatures using pencil marks on the external surface, generally the left (upper) valves but 
occasionally on the right (lower) valve. There are no formal records of these marks having been measured 
and transcribed as part of the respective surveys. None the less care was taken to maintain these pencil 
marks during cleaning and include them in subsequent measurements (also addressed later in this report).  
 
 
 
 
Table 1. Listing of stations included in the archive shell collection. Cruise descriptor (XX-YY) 
includes year (19XX) and station number (YY)  
  Cruise Station numbers 
co
lle
ct
ed
 3
/2
1/
20
16
 
77-07* 
2 13 14 15 19 20 24 31 32 35 40 131 136 138 139 
141 144 151 154 157 158 160 241 258 259 261 271 273 274 277 
285 300 347 348 349 353 354 364 370             
84-07 
1 2 3 5 19 22 24 27 30 36 39 40 45 46 47 
48 49 50 51 54 62 65 66 68 81 82 83 84 85 87 
96 97               
87-04&05 
15 67 73 78 82 92 106 128 137 155 157 159 160 299 306 
307                             
88-07 
2 3 18 18 37 38 38 59 62 63 64 66 120 120 127 
207 208 219 256 262 263 269 372 375 377 384 394 484 485 499 
539 566 572              
89-03 
276 279 282 283 284 285 286 290 292 293 295 297 299 303 305 
307 308 311 312 316 325 327                 
92-04 73 108 109 131 154 183 206          
93-04 
1 2 3 6 8 10 12 18 48 56 61 62 71 76 93 
201                             
94-05 
255 270 351 359 360 361 365 366 376 378 380 382 383 386 422 
435 439 441 455             
                                  
co
lle
ct
ed
 1
2/
23
/2
01
6  
82-06 18 27 40 41 67 97 121 125 201 288 293 329 421    
83-07 211 217 218 233 235 239 245 246 247 248 249 275 297 298 299 
300 303 305 312 316 320 324 325 333 339 342         
85-07 
44 71 114 150 158 184 202 203 229 230 233 243 261 289 293 
295 297 302 305 307 309 310 311 312 335 338 340 343 345 348 
351 353 354 355 385 390 402 445 453 460 462 465 467 469 470 
473 483 488 506 507 510 566 567         
95-09 15 328 331 333 334 342 343 344 345 358 364 376       
96-09 358 359 365 366 379 380 402 407 408 431 432      
97-09 1 5 6 8 9 10 24 25 26 29 41 44 63 175   
98-09 263 358 359 363 366 367 529 531 538 565 570      
99-09 
1 2 3 5 6 7 12 20 21 22 25 26 34 35 49 
53 59 64                         
    
* 4 bags with cruise but no station number, also 1 bag with 25 marked (by NMFS) shells but no 
station number 
 
 
Figure 1. All scallop survey stations: 1977-present. 
 
 
 
Figure 2. All stations represented in the VIMS material. 
 
 
From these newly cleaned archive shells we selected material that focused on station sets that provide (a) 
comparisons over time at specific locations along the southwest to northeast distribution, and (b) across the 
shelf, inshore to offshore, for depth related changes in growth rate. This focus is in accordance with the 
analysis of Hart and Chute (2009a), and is illustrated in a sequence of figures wherein Figure 1 is all stations 
occupied by NEFSC surveys since 1977, Figure 2 is all stations represented in the VIMS material from the 
NEFSC archive, and Figure 3 is the stations given priority in the current study. Figure 3 includes stations 
for all years 1982-1999 with the exception of 1986, 1991, and 1996. We also included stations from 1977, 
although their distribution varies slightly from that in Figure 3.  
 
All materials were maintained in an air-conditioned archive at VIMS during the study and returned to 
NEFSC on 11/5/2018. 
 
Figure 3. Stations included in the current focus of study. 
 
 
 
Age and growth estimation through increment analysis 
 
As noted above our primary analytical approach examined growth increment data suitable for estimation 
of von Bertalanffy parameters by the method of Hart and Chute (2009a).  This method is based on external 
signatures with focus on larger specimens (more growth signatures, exclusion of the often problematic 
early, <40 mm SL size, growth signatures) in the individual station collections.  Generalized linear mixed 
effect models (GLMM) were used to estimate von Bertalanffy growth parameters for the Mid-Atlantic 
Bight (MAB) and Georges Bank (GB) regions of the resource separately, following the approach described 
in Hart and Chute (2009a).  This analysis was completed for the NOAA archived shells as well as shell 
samples collected by VIMS in 2012.  The VIMS shell samples were analyzed separately from the NOAA 
archived shells.  Mean growth parameters (L∞ and K) were estimated using a random intercept model (L∞ 
only) due to sample size.  Scallops where the first external ring measurement was less than 40 mm were 
excluded.  The effect of additional covariates on growth parameters on L∞ was also estimated via GLMMs 
for the NOAA archived samples.  Average depth and latitude were considered in additional GLMMs.  The 
preferred model was determined based on the Bayesian information criteria (BIC).  Akaike’s information 
criterion (AIC) is also included.  BIC and AIC values were similar between all models, although for the 
MAB AIC indicated no difference between a model with average depth or latitude included as a single 
additional covariate.      
 
Throughout this project we employed double reading as standard with all specimens examined at VIMS. A 
note of thanks is due to our colleague Toni Chute at NEFSC for participating in early multiple reader 
sessions to insure appropriate skills set had been developed and implemented by VIMS readers. All data 
from these readings have been provided to collaborators Hart and Chute at NEFSC Woods Hole.  
  
A focus for the current project was preparation of data for the 2018 scallop benchmark stock assessment. 
The project design and results were presented by Sally Roman at the first stock assessment working group 
(SAW1) at NEFSC, Woods Hole in February 2018. The presentation’s main feature was a description of 
the data aggregated to GB and MAB respectively in Ford Walford plots (Figure 4 below), a summary of 
mixed effects growth models (Table 1 below, R-code provided by D. Hart at NEFSC) and a comparison of 
growth of 40 mm scallops by area (Figure 5 below), and an initial description of growth for 2017 Nantucket 
Lightship collections by Rudders (addressed later in this report).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 4: Ford-Walford plots by area: GB (left panel) and MAB (right panel) 
for the NOAA archived scallops from years 1982-1999. 
 
 
 
Table 2: Mixed effects growth models, by area: GB and MAB for the NOAA archived scallops from 
years 1982-1999. Random intercept (variation in L∞) models. K = -ln(m) and L∞ = b/(1-m). Mean K and 
L∞ values were used to predict growth of 40 mm scallop by area. 
 
 
 
Results summarized in Table 2 show similar trends compared to results from Hart and Chute (2009a): 
MAB had a higher K and lower L∞ (K = 0.395, L∞ = 142.966), whereas GB lower K and higher L∞  (K = 
0.369, L∞ = 150.631).  Estimates for the earlier time period for both areas had greater L∞ and lower K. 
 
 
 
 
 
 
 
 
Area SD L∞,i
Number 
of Shells
Number of 
Intervals
MAB 0.395 142.966 0.010 1.621 13.473 106 534
GB 0.369 150.631 0.008 1.526 14.384 143 697
249 1,231
𝜎"#𝜎$𝐾& 𝐿()
Figure 5. The predicted growth of a 40 mm scallop by area from the von Bertalanffy  
growth parameters described above estimated from the NOAA archived samples. 
 
 
The analysis in Figure 5 indicates greater and faster growth in GB beginning at ~ 80 mm shell height, but 
larger differences are observed beginning at ~ 100 mm shell height.  Hart and Chute (2009a) results 
indicated growth began to differ at 100 mm shell height.  
 
For the MAB, average depth (-0.08, coefficient parameter estimate) had a negative effect growth (Table 3, 
Figure 6).  Model 3 was selected as the preferred model based on BIC criteria.  On GB, average depth and 
latitude impacted growth (Table 4, Figure 7).  Both variables had a negative effect on growth, although the 
effect size of latitude was greater than that for depth.  The average depth coefficient parameter estimate was 
-0.09 and the latitude estimate was -2.95.        
 
 
 
 
 
 
 
 
 
 
 
 
Table 3.  Mixed effect models developed with additional covariates for the NOAA archived samples for 
the MAB region along with AIC and BIC values.  Model 3 in bold was selected as the preferred model.    
 
 
 
 
Figure 6. The predicted growth of a 40 mm scallop for the MAB from the von Bertalanffy growth 
parameters described above including the effect of depth estimated from the NOAA archived samples. 
 
 
 
 
 
 
 
 
Model Variables AIC BIC
1 Intercept only 4,654.86 4,667.65
2 ~ L∞ 3,126.05 3,143.09
3 ~  L∞ + Avg Depth 3,099.61 3,120.86
4 ~  L∞ + Latitude 3,098.22 3,123.70
5 ~  L∞ + Avg Depth + Latitude 3,128.08 3,149.37
Table 4.  Mixed effect models developed with additional covariates for the NOAA archived samples for 
the GB region along with AIC and BIC values.  Model 5 in bold was selected as the preferred model.    
 
 
 
 
Figure 7. The predicted growth of a 40 mm scallop for GB from the von Bertalanffy growth parameters 
described above including the effect of depth and latitude estimated from the NOAA archived samples.  
Latitude degrees were 40° N, 41° N and 42° N.   
 
 
The complete growth line increment data set was delivered to NEFSC for inclusion in the 2018 benchmark 
assessment and successfully incorporated by NEFSC scientist Hart into a presentation describing growth 
rate changes over the past four decades in exploited stocks. A full description of this analysis is given in 
the SAW document (NEFSC, 2018).   
 
Age and growth validation through isotope analysis 
Isotopes provide unambiguous measures of annual temperature cycles from the two oxygen isotopes, O16 
and O18, in the calcium carbonate in the shell. Shell signatures are related to annual temperature cycles 
(Kranz et al 1984, Tan et al 1988, Harrington 1989, Jones et al 1996) and examination of oxygen isotope 
ratios from carbonate samples from scallop shells in the current study provide confirmation of annual 
growth line formation. A series of samples for isotope analysis was collected from the Nantucket Lightship 
and Closed Areas east of Cape Cod (Figure 8) and include a 2018 sample from the small “Peter Pan” 
scallops at Nantucket Lightship.  Collection of samples for isotope analysis were as described in Chute et 
Model Variables AIC BIC
1 Intercept only 6,238.50 6,252.11
2 ~ L∞ 4,016.92 4,035.05
3 ~  L∞ + Avg Depth 3,604.74 3,626.83
4 ~  L∞ + Latitude 4,011.36 4,034.01
5 ~  L∞ + Avg Depth + Latitude 3,587.29 3,613.78
al (2012) and are described in detail in a video developed in the current study and posted on our VIMS 
website at https://www.vims.edu/research/units/labgroups/molluscan_ecology/ - click the link to 
https://www.youtube.com/watch?v=YrhnwDoMJqY. Isotope assay was completed by the Boston 
University Stable Isotope Laboratory (BUSIL) under contract from VIMS. Figure 9 provides two examples 
of changes in O18 proceeding from the hinge to growing edge (Fig 9a)  and illustrates the sequence of peaks 
corresponding to annual growth signatures (lines) on the external surface (Figs 9b). Lower values of O18 
correspond to higher water temperature. These compare favorably with data reported in Chute et al (2012). 
 
Figure 8. Locations of scallops sampled for oxygen isotopes in shell carbonate. Collection years are noted 
by station. The 2018, 20182 and 20183 stations are from 2018.  20183 is from the “Peter Pan” small 
scallops at Nantucket Lightship. 
 
 
 
 
 
 
 
 
 
 
Closed Area I Closed Area II
Nantucket Lightship
2018
1998
1994
1989
1985
1982
20183
20182
Sources: Esri, GEBCO, NOAA, National Geographic, Garmin, HERE, Geonames.org, and other
contributors, Esri, Garmin, GEBCO, NOAA NGDC, and other contributors
Isotope Sample Stations
0 10 20 30 40 50 605
Nautical Miles ¯
Figure 9. (9a) Smoothed 3 point running average of O18 progressing from hinge to growing edge. (9b) 
Coincidence of growth signatures with O18 in shell carbonate samples proceeding from the hinge to 
growing edge – O18 values superimposed on the external growth signatures of the valve. Lower values of 
O18 correspond to higher water temperature.  
  
 
 
 
 
Figure 9b: O18 profile superimposed on external growth signatures of two valves 
 
 
 
 
 
Note the general good concurrence of O18 profile with the external growth signatures. In both examples 
ion 9(b) the yellow bar marks the first winter, an incomplete year following recruitment to the benthos. 
Again, note that lower values of O18 correspond to higher water temperature, external signatures are 
winter low temperature.  
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Figure 9a. O18 smoothed 3 point running average
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Figure 10: O18 profiles of three scallop shells; collection sites in Figure 8. Blue vertical bars correspond 
to annual (winter) growth signatures on the external valve surface. 
 
 
Figure 10 provides O18 profiles of three scallop shell (collection sites in Figure 8) where sample “2018” is 
from the northwest side of Georges Bank adjacent to the Great South Channel (= Closed Area 1), sample 
“2018-2” is from the southeast flank of Georges Bank (= Closed Area 2), and 2018-3 is a “Peter Pan” 
scallop from the Nantucket Lightship region. Recall that the lower O18 values correspond to higher water 
temperature, thus the higher inflexion point on the plotted line is the winter minimum and matches the 
annual growth signature. The growth rates of the respective scallops can be compared using the 
correspondence of the annual growth signatures (vertical blue lines on each plot) to the shell height 
(horizontal axis). Shell “2018” has four signatures by ~115 mm and six signatures by ~140mm shell height. 
Shell “2018-2” has four signatures by ~105 mm.  Both Closed Areas reflect good growth rates to 4 
signatures, and higher for “2018”, shell heights. By contrast the Peter Pan scallop “2018-3” had only  
reached 80mm shell height by 5 signatures – lower growth in comparison to the other specimens. The 
absolute values of the O18 ratio in all cases is illustrative of the temperature environment for each specimen. 
“2018” from Closed Area 1 had, with the exception of the winter interval at ~70mm shell height, O18 
values >2.0, and indeed >3.0 for the entire ~5 year period at shell height >80 mm. Thus the scallop grew 
well at warmest of the three  collection sites based on absolute O18 ratios and with arguably a high food 
situation with water passing in a south-westerly direction into the Great South Channel from the Gulf of 
Maine. Shell “2018-2” from Closed Area 2 grew under consistently lower temperatures with O18 <2 for 
essentially all of the growth > 30mm shell height. The seasonal variation in O18 for shell “2018-2” was 
between a summer value of ~2 and a winter value of ~0.5. The slowest growing scallop, “2018-3” exhibited 
marked seasonal patterns in O18 between 2-2.5 in summer and 0-0.5 in winter. This range of absolute 
values is similar to “2018-2” with the exception of early growth (O18 >3.5 in “2018-2” compared to 0-2.5 
in “2018-3”). The much reduced growth rate in “2018-3” compared to the other specimens does not appear 
to be temperature related, but arguably limited by food.  
 
 
Scallops collected over the latitudinal and bathymetric range from prior RSA studies (material 
archived at VIMS). 
 
A total of 684 scallops were collected in 2012 and 2013 from 58 stations arrayed from Georges Bank in the 
northeast to DelMarVa in the southwest. The distribution of stations is described in Figures 11a and 11b.  
We have an extensive morphometric archive of data describing individual-based measures of length, width 
and thickness. Combination of the age data with that in hand will provide a unique ability to describe age-
based changes on morphometry. 
 
Figure 11a. Collections sites  from 2012 and 2013 studies by station number 
 
 
 
 
Figure 11b. Collections sites  from 2012 studies aggregated by region.  
 
 
 
Growth analysis for the VIMS 2012 shell samples indicated growth was similar between the two regions 
(Figure 12).  This may be a result of the small sample size and only one year of data included for these shell 
samples.  von Bertalanffy growth parameters are provided in Table 5.  The MAB region has a higher K 
estimate and lower L∞ compared to the GB region.   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12.  The predicted growth of a 40 mm scallop by area from the von Bertalanffy 
growth parameters described above estimated from the VIMS 2012 archived samples. 
 
 
 
Table 5.  Mixed effects growth models, by area: GB and MAB for the VIMS archived 2012 scallops. 
Random intercept (variation in L∞) models. K = -ln(m) and L∞ = b/(1-m). Mean K and L∞ values were used 
to predict growth of 40 mm scallop by area. 
 
 
 
 
Age structure and growth from collections in 2017 assessment surveys by co-PI Rudders.  
We have implemented a sampling protocol retaining materials for age and growth studies as in objective 1 
for continuing field studies under the direction of co-PI Rudders.  We have in hand samples collected from  
regions of each cruise in 2017. Of particular interest are samples from the Nantucket Lightship area for 
2017. This is a region of very significant resource that has greatly reduced growth and presents a novel, if 
unwelcome management dilemma of an abundance of small scallops that are arguably unavailable to the 
fishery. Our particular interest in these scallops focuses on the gradient in growth rate from nearer to shore 
out to greater depth and the implications of both recruitment history (for example, did all of these scallop 
recruit at the same time - the prior surveys suggest so but age would assist this determination) and food 
availability or food limitation (the latter may be a product of high densities of scallops in otherwise adequate 
Area SD L∞,i
Number of 
Shells
Number of 
Intervals
MAB 0.511 144.814 0.019 1.645 8.093 57 248
GB 0.474 145.387 0.011 1.906 13.206 71 301
128 549
𝜎"#𝜎$𝐾& 𝐿()
food conditions) with depth.  
 
We have in hand a collection of scallop shells from the Nantucket Lightship area for 2017. Samples from 
3 stations in the Lightship area were examined (Station 42 – 7 scallops; Station 84 – 14 scallops; Station 94 
– 15 scallops, station location on Figure 13) by the growth increment method. Results are summarized in 
Figure 14 and Table 6.  
 
 
Figure 13: Locations of stations for 2017 Nantucket Lightship collections. 
 
 
Figure 14: Ford Walford plot by station for 2017 Nantucket Lightship collections. 
 
 
Table 6. K and L∞ estimates for random intercept model 
 
Station 𝐾" 𝐿$% 𝜎' 𝜎()  SD L∞,i Number of Shells Number of Intervals 
42 0.46 151.25 0.05 5.14 7.8 7 31 
84 0.37 101.1 0.03 3.29 5.6 14 52 
94 0.42 81.37 0.05 3.76 10.48 15 45 
 
 
Figure 14 and Table 6 both illustrate the reduction in K and L∞ (mm) in scallops at stations 84 and 94, 
nearer the center of the high density “patch” of scallops, located to the south of the 40 fathom line. The L∞ 
estimates in particular are of concern because they suggest that little further growth is possible at these deep 
locations. A request was made by NEFSC for measurement of additional scallops from this region for the 
Spring 2018 benchmark assessment. Measurement were made and data presented at the SAW. As noted in 
the earlier description of isotope data the strong suggestion is that high density scallops are food limited.  
 
 
 
  
Resilium and ligament structure as a tool to estimate age.   
The original project proposal outlined methods based on prior work by Hart and Chute (2009a), and Chute 
et al (2012). Some years earlier Merrill et al. (1966) described the presence of annual signatures in the hinge 
ligaments of scallops; however, there has been little published interest in this method since the 1966 paper. 
We followed the methods of Merrill et al (1966) and made such preparations in our VIMS laboratory;  they 
are both relatively simple and inexpensive to prepare. Figures 15 through 17 illustrate parts of the hinge, 
resilium and ligament structure. There are distinct, well preserved (in archive) signatures that are related to 
annual growth cessations, and are present in both valves.   
 
 
Figure 15. Banding pattern on the inner valve resilium surface of Placopecten magellanicus  
after removal of the ligament. 
 
 
 
 
 
Figure 16. Embedded polished section through resilium (light upper portion) and ligament (dark lower 
portion) of Placopecten magellanicus illustrating internal growth signatures. 
 
 
 
 
Figure 17. Resilia from left (L) and right (R) valve hinge structures of one scallop  
indicating annual growth signatures – both valves provide information. 
 
 
 
 
 
We prepared specimens as in Figure 15 and 17 from a selection of the archived scallops simply by soaking 
overnight in water and gently removing the ligament before counting recurring signatures under a dissecting 
microscope. The method was equally simple to apply to previously frozen samples. We have also 
successfully employed the same approach to estimate age in the Antarctic scallop Adamussium colbecki, a 
species that has been notoriously difficult to age because of its very thinly calcified shells (addressed later 
in this report).  A comparison was made of a von Bertalanffy descriptor for a target archive population 
generated using the Ford-Walford protocol on external growth rings versus an age at length approach using 
single age-length (x,y) data points from hinge structure measured as in Figures 15 and 17 versus dimension 
from the hinge to the growing edge (labelled height in Figure 18 plots). Data are summarized for three 
stations in Figure 18 and Table 7.  
 
The L∞ (mm) mean value estimates from external signatures appear generally higher than those from 
resilia, although the standard deviations overlap. A cautionary note was offered by D. Hart (NEFSC) on 
this comparison in that very early shell growth, included in the resilia approach by the inclusion of small 
scallops, may be sigmoidal on an age at length plot. Such early growth is not emphasized in increment plots 
that emphasize data from ages >1, indeed the age 1 external signature is often difficult to discern and rarely 
included in the growth increment data.  
 
This modest effort shows good agreement between L∞ and K estimates from external shell signatures and 
resilia annual signatures. It offers the prospect that sea scallop age information can be derived from 
examination of resilia with minimal processing, compared for example to otoliths in fish, and with greater 
ease than external shell signatures where the later are compromised by erosion. Each individual scallop 
produces a single x-y data point (length and age). The assembly of points from a population constructs the 
basis of a von Bertalanffy relationship. The use of resilia in age at length studies allows inclusion of all 
ages and lengths of scallops and those with eroded external signatures – neither is the case with the external 
shell signature method employed in the current study. These data were shared with NEFSC collaborators 
at a meeting in Woods Hole on June 29, 2017. Cautious enthusiasm was shown for the approach pending 
additional data from a wider range of collections.  Additional examination of the resilium as a tool in age 
005#L 005#R
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base studies of sea scallops in support of management is warranted and, indeed, is currently included in an 
ongoing 2017-2019 RSA supported effort.  
  
Figure 18: A compilation of von Bertalanffy data from resilia and external rings. Age versus height plots 
are from resilia for 3 stations: year 1985 #355, 1989 #305, and 1989 #308. Linf and k values are given for 
both resilia and external ring (Ford-Walford) methods.  
 
 
Table 7. Comparison of von Bertalanffy parameters for two methods of age determination. External 
growth lines were used Ford-Walford plots for left valves. Resilium surface structure was used to estimate 
model parameters derived from age at height from left valves 
 
     Year Station   n L∞ (mm) K 
External shell signatures 1989 305  7 136.6+7.4 0.39±0.1 
Resilium   1989 305  14 128.6±5.7 0.34±0.05 
External shell signatures 1989 308  4 140.8±30.2 0.45±0.2 
Resilium   1989 308  10 133.5±42.1 0.27±0.28 
External shell signatures 1985 355  3 148±25.8 0.46±0.28 
Resilium   1985 355  26 119.9±9.2 0.42±0.13 
 
Finally, we illustrate the concurrence of the external signatures, isotope profiles and resilium signatures 
by repeating Figure 9b with inclusion of the corresponding resilium and its annual signatures as Figure 
19.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
1985*#355 1989*#305 1989*#308
Figure 19. Correspondence of external growth signatures, isotope profiles and resilium signatures in two 
examples. The yellow line represents a partial growth year after recruitment to the benthos. 
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Presentations and publications from the current award.  
 
In addition to materials contributed to the 2018 benchmark assessment (NEFSC 2018) several 
presentations have been made or will be made (see dates with listing) based on work described above. 
These include:  
 
Long M.C., R. Mann, David Rudders, S. Roman, A. Chute, K.E. Cronin, S. Walker. 2018. Growth rate 
measurement in scallops: revisiting Merrill after 50 years on the library shelf. 
National Shellfisheries Association (NSA) Annual General Meeting in Seattle, WA in March 2018.  
 
Long M.C., R. Mann, David Rudders, S. Roman, A. Chute, K.E. Cronin, S. Walker. 2018. Growth rate 
measurement in scallops: revisiting Merrill after 50 years on the library shelf. 
American Fisheries Society Meeting. Atlantic City, NJ, August 19-23, 2018  
 
Redmond T., M. C. Long, S. Thomas, S. Roman, D. Rudders, R. Mann. 2019. Age and growth rate 
measurement in scallops from the mid-Atlantic: a comparison of shell signatures,  hinge resilia and isotope 
based methods.  
National Shellfisheries Association (NSA) Annual General Meeting in New Orleans LA in March 2019 
 
Rudders, D., T. Redmond T. , M. C. Long, S. Thomas, S. Roman, R. Mann. 2019. Age and growth rate 
measurement in scallops from the mid-Atlantic: a comparison of shell signatures,  hinge resilia and isotope 
based methods.  
5TH International Pectinid Workshop, Santiago de Compostela Spain April 2019 
 
 
 
Additional studies leveraged by the current award.  
 
We hosted a small scallop age and growth workshop May 15-18, 2017. Attending were the VIMS 
investigators supported on this RSA award, collaborating NEFSC investigator Chute, and two colleagues 
for the University of Georgia; Prof. Sally Walker and her student Kelly Cronin. As part of this workshop 
we examined in blind counts numerous sea scallop shells to determine age, then proceeded to examine 
specimens of the Antarctic scallop Adamussium colbecki for collections made by Walker and her research 
colleagues. We were successful in finding concordance among investigators in estimates of sea scallop age 
and size. This was not the case for the A. colbecki because of its very thin shell and lack of consistent 
external shell signatures.  This is important to the current focus on age determination in sea scallops because 
it encouraged a re-evaluation of hinge structure, specifically the resilium as an age estimation tool as first 
suggested by Merrill et al (1966).  Our workshop participants examined the resilium option for A. colbecki 
and found it to produce consistent (among readers) and defensible estimates of scallop age. The annual 
signatures exist as dark bands with edge indentations on the resilium. The resilium is exposed after soaking 
the valves in fresh water for 24 hours to soften the attached ligament and gently removing it. Final cleaning 
of the preparation requires only a soft toothbrush, patience and about one minute of careful brushing. The 
approach is equally successful with both fresh specimens and those collected over 40 years ago and stored 
since then as dry collections. This effort produced both a poster presentation at the 2017 Geological Society 
of America AGM and a manuscript in review – details are given below.  
 
Presentation:  
Cronin K. E.; Walker S.E; Mann R; Chute A. S.; Long M.C.; Bowser S.S. 2017. Relatively fast growth 
and moderate longevity for the Antarctic Scallop, Adamussium colbecki, living in the coldest waters on 
Earth.  GEOLOGICAL SOCIETY OF AMERICA, Seattle WA, October 2017 
 
Manuscript:  
Cronin K. E.; Walker S.E; Mann R; Chute A. S.; Long M.C.; Bowser S.S.  (in review). Growth and 
longevity of an ecosystem engineer, the Antarctic scallop Adamussium colbecki under annual and multi-
annual sea ice. submitted to PLOS ONE 
 
Disposition and archiving of project data  
 
All data are stored in Microsoft Access relational databases or in Excel files on the VIMS server located at 
VIMS in Gloucester Point, Virginia.  VIMS has Information Technology staff to oversee the server and 
security of the server.  A description of the database can be found in the Field and Shore-side Protocols 
Used by the Virginia Institute of Marine Science Sea Scallop Research Program Operational Manual.  The 
relational databases have associated metadata for all tables.   
 
The research data generated by this project will be deposited with W&M Publish, the institutional repository 
of the College of William & Mary Libraries, to ensure long-term stewardship, curation, and access to the 
data for the research community.  William & Mary Libraries will archive the dataset and its documentation, 
supporting the data through changing technologies, media, and data formats.  William & Mary Libraries 
provides guidance and support for all aspects of the data lifecycle, from planning data management strategy 
through preserving data at the conclusion of the project, and works with researchers to insure this process 
includes appropriate documentation and requirements for data integrity.  
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